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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a liquid crystal panel 
substrate having alignment marks which consist of the same 
material as the material of transparent electrodes, is foamed to 
include a common forming stage and have excellent identifiability 
by visual or image recognition even if these marks are 
transparent. 

SOLUTION: This liquid crystal panel substrate 10 has the 
transparent electrodes 18 and alignment marks 14 formed on the 
substrate 70. The alignment marks 14 of the liquid crystal panel 
substrate 10 consist of the same material as the material of the 
transparent electrodes 18 formed as the films on the substrate 70 
and are formed on the substrate 70 at the film thickness smaller 
than the film thickness of the transparent electrodes 18. The ■ ^ 
parts of the liquid crystal panel substrate 10 having the alignment 
marks 14 have the reflectivity higher than the reflectivity of the 
other parts of the liquid crystal panel substrate 10 where the 
films of the transparent electrodes 18 are not formed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the liquid crystal panel substrate with an alignment mark with which a reflection factor 
difference with other substrate parts which are the liquid crystal panel substrates which have the 
transparent electrode and alignment mark by which film formation was carried out on the substrate, and 
by which film formation of the substrate part by which said alignment mark consists of the same 
ingredient as said transparent electrode, and film formation of said alignment mark is carried out, and 
said transparent electrode or said alignment mark is not carried out is characterized by being 0.05% or 
more. 

[Claim 2] It is the liquid crystal panel substrate with an alignment mark which it is the liquid crystal panel 
substrate which has the transparent electrode and alignment mark by which film formation was carried 
out on the substrate, and said transparent electrode and said alignment mark are formed as ITO (Indium 
Tin Oxide) film on said substrate, and is characterized by the thickness of said alignment mark being 
110nm or less. 

[Claim 3] The liquid crystal display panel characterized by having a liquid crystal panel substrate 
according to claim 1 or 2. 

' [Claim 4] The manufacture approach of the liquid crystal panel substrate with an alignment mark 
characterized by having the ITO film formation process with which it is the manufacture approach of a . 
liquid crystal panel substrate of having the transparent electrode and alignment mark by which film 
formation was carried out, and thickness forms said alignment mark and said transparent electrode as 
ITO film (130nm thru/or 180nm) on a substrate, and the etching process to which said alignment mark is 
etched to the middle of the thickness direction, and thickness uses it as the ITO film 1 10nm or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a liquid crystal panel substrate with an alignment mark, 

its manufacture approach, and a liquid crystal display panel. 

[0002] 

[A background technique and Object of the Invention] In recent years, with enlargement and highly- 
minute-izing of a liquid crystal display panel, the transparent electrode formed on the liquid crystal panel 
substrate which constitutes a liquid crystal display panel is in the inclination for line breadth to become 
thin while leading about becomes long. Therefore, in having used the transparent electrode of the 
conventional thickness (sheet resistivity), the problem that a voltage drop while a current flows to a 
transparent electrode will become large occurs. 

[0003] Then, in order to make small resistance per die length of a transparent electrode as much as 
possible, using a transparent electrode with thick (sheet resistivity being small) thickness is performed. 
[0004] Moreover, the alignment mark which can be formed in a transparent electrode and coincidence is 
used using the ingredient same as an alignment mark as a transparent electrode used for the alignment 
at the time of sticking a liquid crystal panel substrate and assembling a liquid crystal display panel, and 
the time of attaching a connection substrate, a TAB substrate, etc. in a liquid crystal display panel in 
many cases. Since such an alignment mark was almost transparent, it was not conspicuous, and 
moreover, it had moderate visibility. 

[0005] However, if thickness of a transparent electrode is thickened in order to reduce sheet resistivity 
as mentioned above The substrate part by which the thickness of the alignment mark formed in 
coincidence also became thick, and film formation of the alignment mark was carried out, The problem 
that a reflection factor difference with a substrate part without the film formation around an alignment 
mark becomes small, it becomes difficult to identify an alignment mark according to viewing or image 
recognition, and the use as an alignment mark becomes difficult has occurred. 
[0006] This invention is made in view of the above troubles, and the purpose consists of the same 
ingredient as a transparent electrode, and is formed including a common formation process, and it is to 
offer the liquid crystal panel substrate which has the alignment mark excellent in epicritic [ by viewing or 
image recognition ], its manufacture approach, and a liquid crystal display panel. 
[0007] 

[Means for Solving the Problem] The liquid crystal panel substrate with an alignment mark concerning 
invention according to claim 1 is a liquid crystal panel substrate which has the transparent electrode and 
alignment mark by which film formation was carried out on the substrate, said alignment mark consists 
of the same ingredient as said transparent electrode, and the reflection factor difference of the 
substrate part by which film formation of said alignment mark is carried out, and other substrate parts 
by which film formation of said transparent electrode or said alignment mark is not carried out is 
characterized by being 0.05% or more. 

[0008] According to invention according to claim 1, since the alignment mark on a substrate is formed 
with the same ingredient as a transparent electrode, it can form by film formation of a transparent 



electrode and coincidence. And since the alignment mark is formed with the same transparent ingredient 
as a transparent electrode, it becomes the liquid crystal panel substrate which has the alignment mark 
which is not conspicuous. 

[0009] Moreover, 0.05% or more, for a certain reason, the reflection factor difference of the part of the 
liquid crystal panel substrate which has an alignment mark, and other parts of the liquid crystal panel 
substrate with which film formation of an alignment mark or the transparent electrode is not carried out 
serves as a liquid crystal panel substrate which has the alignment mark excellent in epicritic [ by viewing 
or image recognition ] t though it is transparent. 

[0010] It is good still more preferably in the reflection factor difference of the substrate part by which 
film formation of the alignment mark was carried out, and the substrate part to which film formation of 
an alignment mark or a transparent electrode is not carried out being the alignment mark which is the 
maximal value or its near. By this, in spite of being transparent, it becomes the liquid crystal panel 
substrate which has the alignment mark excellent in especially epicritic [ by viewing or image 
recognition ]. 

[001 1] The liquid crystal panel substrate with an alignment mark concerning invention according to claim 
2 is a liquid crystal panel substrate which has the transparent electrode and alignment mark by which 
film formation was carried out on the substrate, said transparent electrode and said alignment mark are 
formed as ITO (Indium Tin Oxide) film on said substrate, and thickness of said alignment mark is 
characterized by being 110nm or less. 

[0012] By using an alignment mark as the ITO film of thickness 1 10nm or less according to invention 
according to claim 2, sufficient reflection factor difference between the part of the liquid crystal panel 
substrate which has an alignment mark, and other parts of the liquid crystal panel substrate with which 
film formation of a transparent electrode or the alignment mark is not carried out, i.e., the perimeter of 
an alignment mark, is acquired, and though it is transparent, it becomes the liquid crystal panel substrate 
which has the alignment mark excellent in epicritic [ by viewing or image recognition ]. 
[0013] moreover, the alignment mark on a substrate and all of a transparent electrode — although 
since it is formed by the ITO film, an alignment mark and a transparent electrode can be formed by film 
formation of coincidence. And since the ITO film is transparent, it serves as a liquid crystal panel 
substrate which has the alignment mark which is not conspicuous. 

[0014] The liquid crystal display panel concerning invention according to claim 3 is characterized by 
having a liquid crystal panel substrate according to claim 1 or 2. 

[0015] According to invention according to claim 3, the liquid crystal display panel which has the above- 
mentioned operation effectiveness about invention according to claim 1 or 2 can be obtained. 
[0016] The manufacture approach of the liquid crystal panel substrate with an alignment mark 
concerning invention according to claim 4 It is the manufacture approach of a liquid crystal panel 
substrate of having the transparent electrode and alignment mark by which film formation was carried 
out on the substrate. The ITO film formation process with which thickness forms said alignment mark 
and said transparent electrode as ITO film (1 30nnrv thru/or 180nm), It is characterized by having the 
etching process to which said alignment mark is etched to the middle of the thickness direction, and 
thickness uses it as the ITO film 1 10nm or less. 

[0017] According to invention according to claim 4, since ITO film formation processes are the formation 
process of a transparent electrode, and a common process, an alignment mark can be efficiently formed 
using the process which. forms a transparent electrode. 

[0018] Moreover, in an etching process, since only the ITO film of the part of an alignment mark with 
sharply small surface area is etched from a transparent electrode, the futility of ITO by etching serves 
as the manufacture approach of little liquid crystal panel substrate with an alignment mark. 
[0019] Furthermore, in an etching process, etching with difficult reservation of a strict thickness 
precision is performed only to the ITO film of an alignment mark, and since the ITO film of a transparent 
electrode is not etched, it serves as the manufacture approach of the liquid crystal panel substrate with 
an alignment mark which does not cause deterioration of the display quality by degradation of the 



thickness precision of a transparent electrode. 

[0020] Moreover, since the reflection factor difference of a transparent electrode with the substrate 
part in which thickness is formed in as ITO film (130nm thru/or 180nm), and the ITO film around a 
transparent electrode is not formed is very small, it becomes the manufacture approach of the liquid 
crystal panel substrate which is not almost that existence of a transparent electrode is checked by 
looking. And the sheet resistivity of a transparent electrode serves as a value small enough. 
[0021] And since the ITO film used as an alignment mark is etched in an etching process and serves as 
thickness 1 10nm or less, sufficient reflection factor difference around the substrate part, i.e., the 
alignment mark, in which the ITO film is not formed is secured, in spite of being transparent, visibility is 
high and the liquid crystal panel substrate which has the alignment mark in which image recognition is 
possible can be manufactured. 
[0022] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of this invention is explained still 
more concretely, referring to a drawing. 

[0023] The liquid crystal panel substrate 10 of this operation gestalt carries out film formation of a 
transparent electrode 18 and the alignment mark 14 on the glass substrate 70 with the magnitude of two 
or more liquid crystal panel substrates, and is cut and formed in each magnitude of the liquid crystal 
panel substrate 10 after that. Drawing 1 is the typical top view showing the location of each alignment 
mark 14 formed on this substrate 70 as a small square. Moreover, drawing 2 is the expansion top view of 
the part surrounded with Circle E in drawing 1 . And drawing 4 (D) is the typical sectional view of the 
liquid crystal panel substrate 10 in alignment with line S-S of drawing 2 . As shown in these drawings, 
the liquid crystal panel substrate 10 forms a transparent electrode 18 and an alignment mark 14 by the 
ITO film on a substrate 70, and is divided and formed in predetermined magnitude. 

[0024] The transparent electrode 18 and alignment mark 14 of this operation gestalt are formed with the 
[TO (Indium Tin Oxide) film. Drawing 5 is a graph which shows the reflection factor difference of a 
substrate part with the ITO film in light with a wavelength of 550nm which is the light of the band 
sensed the most sensitive [ people ] about the liquid crystal panel substrate 10 of this operation gestalt, 
and a substrate part without the ITO film as a function of ITO thickness. This graph shows that the part 
of the liquid crystal panel substrate 10 with which the ITO film was formed can be formed so that a 
reflection factor difference with other parts of the liquid crystal panel substrate 10 with which the ITO 
film is not formed may become 0.05 or more. The part of the liquid crystal panel substrate 10 with which 
the alignment mark 14 of this operation gestalt was formed is formed, by the thickness from which a 
reflection factor difference with other parts of the liquid crystal panel substrate 10 with which the ITO 
film is not formed becomes 0.05 or more. 

[0025] Thus, though the liquid crystal panel substrate 10 of this operation gestalt is transparent by 
securing the reflection factor difference of the part of the liquid crystal panel substrate 10 with which 
the alignment mark 14 was formed, and other parts of the liquid crystal panel substrate 10 without the 
ITO film 0.05% or more, viewing and discernment by image recognition serve as the liquid crystal panel 
substrate 10 which has the easy alignment mark 14. 

[0026] Moreover, the ITO thickness of an alignment mark 14 is thinner than the ITO thickness of a 
transparent electrode 18 so that clearly from drawing 4 (D). The. ITO thickness of the alignment mark 14 
of this operation gestalt is 1 10nm or less, and, specifically, the ITO thickness of a transparent electrode 
18 is 130nm thru/or 180nm. In addition, in this thickness, the sheet resistivity of a transparent electrode 
18 is 8ohms / ** extent, and a transparent electrode 18 serves as the ITO film 26 of low resistance. 
[0027] Since the reflection factor difference of the part of the liquid crystal. panel substrate. 10 with 
which the alignment mark 14 was formed, and other parts of the liquid crystal panel substrate 10 without 
the ITO film is 0.05% or more so that clearly from drawing 5 , the alignment mark 14 of this operation 
gestalt is excellent in the visibility by viewing at the ITO thickness of the alignment mark 14 of this 
operation gestalt, i.e., thickness 110nm or less. Moreover, an alignment mark 14 can be easily recognized 
also according to the image recognition using the light of a visible region. In addition, in order to make it 



crystal panel substrate 10 without the ITO filmTo^ ! u ' ^ **" ° f the 

as a transparent electrode 18. the liq „id crystal pane^utC'lO of thiT T ' ngr<!dient 

Sl^TO P 2 a , ne ' S d UbStratS ,'° 15 -iuding the HO *» Nation process 

22°!f 1 ,h RrS ''i n ^ fi ' m f0rmati ° n Pr ° MSS - * " fcmed " ith "» ™ «-» 28 «*h which the ITO film 

[0039] And by exposing developing and washing the resist film using the mask corresponding to the 



pattern configuration of a transparent electrode 18, and the configuration of an alignment mark 14, as 
shown in drawing 3 (C) f it considers as the condition that the resist film 78 corresponding to the pattern 
configuration of a transparent electrode 18 and the configuration of an alignment mark 14 remained. 
[0040] Subsequently, by wet etching or dry etching, as shown in drawing 3 (D), it leaves a transparent 
electrode 18 and the [TO film 22 and 26 corresponding to the configuration of an alignment mark 14, and 
the ITO film is etched. 

[0041] And by removing the [TO film 22 and the resist which remains on 26, the ITO film 22 used as an 
alignment mark 14 and the ITO film 26 used as a transparent electrode 18 are formed by the same 
thickness of ashing etc. like the cross-section configuration shown in drawing 3 (E), and an ITO film 
formation process is completed by it. 

[0042] In an etching process, thickness of the ITO film 22 of the part used as an alignment mark 14 is 
made thin to predetermined thickness according to the process shown in drawing 4 (A) - (D). 
[0043] One whole surface of the substrate 70 which contains concrete first the [TO film 22 and 26 
formed in the above-mentioned ITO film formation process is covered by the resist film, and it considers 
as the condition which showed in drawing 4 (A) as a typical sectional view. 

[0044] Next, through the process of exposure, development, and washing, as shown in drawing 4 (B), 
only the top face of an alignment mark 14 removes the resist film. 

[0045] Subsequently, it considers as the condition which showed in drawing 4 (C) as a sectional view by 
etching until the thickness of the ITO film 22 of the part used as an alignment mark 14 is set to 110nm 
or less by wet etching or dry etching (half etching). In addition, in order to make it the part whose film is 
lost, the relation, i.e., etching, of process tolerance, not occur, the limit of 50nm or more is added, and 
usually let ITO thickness of the alignment mark of this operation gestalt be thickness (50nm thru/or 
110nm). 

[0046] And if the resist film is removed by ashing etc., as shown in drawing 4 (D) as a typical sectional 
view, an alignment mark 14 and a transparent electrode 18 will be formed. And the liquid crystal panel 
substrate 10 which has the alignment mark 14 of this operation gestalt is completed by cutting in the 
magnitude of each liquid crystal panel substrate 10. 

[0047] Since it is possible to form in coincidence the ITO film 22 used as the ITO film 26 with which the 
* ITO film formation processes mentioned above are the- formation process of the conventional 
transparent electrode and a common process, and serve as a transparent electrode- 18, and an alignment 
mark 14 according to the manufacture approach of the liquid crystal panel substrate 10 of this operation 
gestalt, an alignment mark 14 can be efficiently formed using the process which forms a transparent 
electrode 18. 

[0048] Moreover, in the above-mentioned etching process, since only the part of the alignment mark 14 
with sharply small surface area is etched and the thickness difference is produced between the. part of a 
transparent electrode 18, and the part of an alignment mark 14 from the part of a transparent electrode 
18, the futility of ITO serves as the manufacture approach of little liquid crystal panel substrate with an 
alignment mark. ' ' 

[0049] Furthermore, in the above-mentioned etching process, etching with difficult reservation of a- 
strict thickness precision is performed only to the ITO film 22 used as an alignment mark 14, and since 
the ITO film 26 used as a transparent electrode 18 is not etched, it serves as the manufacture approach 
of the liquid crystal panel substrate 10 which does not cause deterioration of the display quality by 
degradation of the thickness precision of a transparent electrode 1 8. 

[0050] Moreover, since a transparent electrode 18 has the very smalLreflection factor difference with 
the substrate part in which thickness is formed in as ITO film (130nm thru/or 180nm), and the ITO film 
around a transparent electrode is not formed, it becomes the manufacture approach of the liquid crystal 
panel substrate which is not almost that existenceof a transparent, electrode is checked by looking. And 
the sheet resistivity of a transparent electrode serves as a value small enough. 
[0051] And since the ITO film 22 used as an alignment mark 14 is etched in an etching process and 
serves as thickness 1 10nm or less, as drawing 5 was shown and mentioned above, sufficient reflection 



factor difference around the substrate part 14, i.e., the alignment mark, in which the ITO film is not 
formed is secured, in spite of being transparent, visibility is high and the liquid crystal panel substrate 10 
which has the alignment mark 14 in which image recognition is possible is obtained. 
[0052] The liquid crystal display panel 40 of this operation gestalt shown in drawing 6 as a typical 
sectional view is manufactured as follows using the liquid crystal panel substrate 10 formed including the 
alignment mark 14 and the transparent electrode 18 as mentioned above. This manufacture is performed 
including each process of printing, assembly, liquid crystal impregnation, a polarizing plate, and reflecting 
plate pasting. 

[0053] In presswork, the orientation film 42 is printed to each field which the liquid crystal panel 
substrates 10 and 10 of a pair counter, and is arranged. And it is made to distribute on the liquid crystal 
panel substrate 10 of one side, and the spacer 44 for keeping constant the distance between the 
orientation film 42 which counters is arranged, and is calcinated. And rubbing which rubs the orientation 
film 42 with cloth etc. is performed, and a stacking tendency is given to the orientation film 42. 
[0054] Like an erector, a sealant 46 is first printed around the liquid crystal panel substrate 10 of one 
side. And alignment of the two liquid crystal panel substrates 10 is carried out using an alignment mark 
14, and lamination and a sealant 46 are stiffened by heat or ultraviolet rays. 

[0055] At the impregnation process of the liquid crystal 48 which is degree process, the space of the 
empty between the liquid crystal panel substrate 10 and 10 is established in the location separated from 
the liquid crystal in the container (not shown) which turns an inlet (not shown) down and has eye 
****** i n the lower part in it, and vacuum suction of the inside of the container is carried out. Then, 
where an inlet is put into eye the inside of a container is returned to atmospheric pressure. 

Then, differential pressure and capillarity are filled up with liquid crystal in the space between liquid 
crystal panel substrates. And an inlet is closed. 

[0056] At the following polarizing plate pasting process, a polarizing plate 50 is stuck on the external 
surface of the liquid crystal panel substrates 10 and 10. And when considering as a reflective mold liquid 
crystal display panel, a reflecting plate 52 is further stuck on the external surface of one polarizing plate 
50. 

[0057] The liquid crystal display panel 40 of this operation gestalt is completed through each above 
process. 

[0058] According to the manufacture approach of the liquid crystal display panel 40 of this operation 
gestalt, the liquid crystal display panel 40 which has the liquid crystal panel substrate 10 with the 
description which was mentioned above can be obtained. Moreover, since an alignment mark 14 can be 
easily identified according to viewing or image recognition in case a connection substrate, a TAB 
substrate, etc. are connected to the liquid crystal display panel 40 by forming an alignment mark 14 in a 
part without the liquid crystal panel substrate 10 with which one liquid crystal panel substrate 10 
counters, it becomes the liquid crystal display panel 40 which can connect a connection substrate and a 
TAB substrate efficiently. 

[0059] As mentioned above, although the operation gestalt of this invention was explained, this invention 
is not limited to the operation gestalt mentioned above, and various kinds of deformation implementation 
by equal within the limits of within the limits of the summary of this invention or a claim is possible for it. 
[0060] For example, although the above-mentioned operation gestalt showed the example of the liquid 
crystal panel substrate in which the alignment mark and transparent electrode which consist of the ITO 
film were formed on the whole surface of a glass substrate, it is good also as a liquid crystal panel 
substrate in which the alignment mark and transparent electrode which consist of the [TO film were 
formed on the substrate made from plastics. 

[0061] Moreover, although the above-mentioned operation gestalt showed the example in which a 
transparent electrode and an alignment mark are formed by the ITO film, you may form by conductive 
transparent membranes, such as indium oxide and tin oxide. In that case, although a transparent 
electrode and the desirable thickness of an alignment mark become a different thing from the value 
mentioned above in the case of the ITO film, by forming an alignment mark in different thickness from a 



transparent electrode, they make a reflection factor larger than a transparent electrode, and it is the 
same as that of the case of the above-mentioned operation gestalt that it can do of them with the 
epicritic high liquid crystal panel substrate by viewing or image recognition. 

[0062] Furthermore, although the above-mentioned operation gestalt showed the example of the simple 
matrix drive liquid crystal display panel of a STN form as a liquid crystal display panel, you may be an 
active-matrix liquid crystal display panel using the one terminal pair network switching element 
represented with the 3 terminal switching element or MIM represented with TFT. Furthermore, as long 
as it says in an electro-optics property, you may be the liquid crystal display panel of various types, 
such as not only a STN form but TN form, a guest host form, macromolecule distributed type, a phase 
transition form, a strong dielectric form, etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical top view of the glass substrate used as two or more liquid crystal panel 
substrates of this operation gestalt. 

[Drawing 2] It is the expansion top view of the part surrounded with Circle E in drawing 1 . 
[Drawing 3] (A) - (E) is drawing which explains an ITO film formation process as a sectional view 
corresponding to the part which met the S-S line of drawing 2 . 

[Drawing 4] (A) - (D) is drawing which explains an etching process as a sectional view corresponding to 
the part which met the S~S line of drawing 2 . 

[Drawing 5] It is the graph which shows the reflection factor difference of a substrate part with the ITO 
film, and a substrate part without the ITO film as a function of the thickness of the ITO film about the 
liquid crystal panel substrate of an operation gestalt. 

[Drawing 6] It is the typical sectional view of the liquid crystal display panel of an operation gestalt. 

[Description of Notations] 

10 Liquid Crystal Panel Substrate 

14 Alignment Mark 

1 8 Transparent Electrode 

22 26 ITO film 

40 Liquid Crystal Display Panel 
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[0 0 0 9] 77^f^ Vh-^-^Sr^ri-SfSA 

i WSlt^M^ 0 . 0 5 5 fc a^ T'fc 9 ft 

y *mi-zm&/<**mmt fts, 

[0 0 1 0i: L< li, 

&MlBl&£ti1tmiRto&bs 77'fWVF-7-^Sfc 
tt:aW»B©JJI»j4***b-Cif^*:v^*tRSB^iOKW* 

®±m.hZ>\>^-t*:<r>?5. l $xhZ>Ty'(y? y 
-■?xhzt£\<\ zfiizx^x, mwxib%\zhtfit> 

Tyjy* y h-7-^^iri,m^<^^W^tt£^o 
[ooii] m*m2izmffi<o%W\zfcz>Ty4yfy 
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*f*, WIES«±»i I TO (Indium Tin Oxide) 

fi, 1 10nm«T-efc5^i:Sr^i:t5. 
[0 0 12] »*qi2lclB*©*WKJ:*bff, 77^fv 
^ V — ^ &110 nmUATWJ^ffW I 

[0 0 13] $.tc. mm±<DTy-<>* v 

ft, TyJ-stis h-*—y-l$Z.xmwWr&*W\&i<om& 
/ftfc J: 9 ri: LH«:ITOllig 

[0 0 14] |»*:3S3lciE«co^P^fc-(S5fSS*^^ 
/Mi, ff#Jg 1 *fctts«*^ 2 fcfBft©**'*.*-'!'** 

[0 0 15] »*gi3fclB*©*MfcJ:*i/tf, 11*91 

»4r^5?l£&*/T^*/V'4-»5 i t ^-e# 5 0 
[0 0 16] »#JS4fclB*©«f!fc«3 7 7 -f ^ J- 

vhT-^jaiutuweawmffiSr, 3 0nm# 

^Ll 80nm« I TOKi UTJKj*-*** I TOlM 
S-TNts/^V^U J&JJri* iio nmElTO I TORt 
[0 0 17] W*3B4KHE<lo*WK:J:*btf» I TOS 

[0 0 18] ayf-l^ISfciSV-Ctt, 
#CD I TOH©^* 5 i y'J-^y §;}l,<5fcft, ^. y^^tf 

[0 0 19] SfeK, jcs/^>-^XS(C*5^T(±. 

OJgtt^s/^V^H&V^cft, SH«*©ff$tt««0 



4 

[0 0 2 0] J891S8S»i, JgJJtf 5 1 3 0 nm^ 

LI 8 0 nm© I TOlt UT»J*$*t. a93m&©MI 

^^t^h$^fcft. aw««©#aE#WB*^5r i 

[00 2 1] -t Lt> 77^y^yW-^i:^5lT 
OJRf*. =-y^^-?X.mzio\,^X^-y?-^y'&tlX. 1 

[0 0 2 2] 

[0 0 2 3] *?Hfi&ffi0;RA/-<*/i'S£ 1011, tttt 

fcai^mUl 8*5^77^^^^-^ 1 4 SrJBSTg 
^L, ^©&, ^Kft^/vStE 1 0 ©{0* <£>;*:# $K$J 

ws-h/cjuaftstta. mitt, ioiS7o±i:»rts 

tuS#T7'f >^ >- h-v— ^ 1 4<EH£fi.4v>3fceg£fl2 
t UT*-T«5S«j3SesFffiH-e*>S. Sfc. H2I4, Ell 

^*svv-cp3E-eH4ti/ys:lfiJ^<ol£^:sFffi®-e*>5. 

t, B4 (D) ft, H2©*S-Sfc»ofc«ft/<JM' 
S«i oroffiSCW^WfBEIt?fc5o w^e><o|llic:^i-J; 
5 l.o f±, StS 7 o ±tvSM«tii l 

so 8*J«ttfT7-Y >- h-v— ^ 1 4 4: I TOUtM 

[ o o 2 4 ] ^n^figroa^mffi 1 8 *5 J: X$T 7 4 is 

> S — t 1 414, I TO (Indium Tin Oxide) JKlC 

7tT?fo5^ft5 5 0 nm<0>tt-*5»t5 I TOWfcSS 
ITOBtiS4v^*R»^:i©Rlt*SS*, IT 
O^JP^iaifci: Ut/Tt^77-Cfc5. Z.<Dy*?yfr 
fe.. I TOK4S»J«*nfc«ft>'<*A'a6*Rl OCOSB^ 
40 fi, I TO^^fiS;$n-C^^<CI/^^^>'VStEl 0© 
tto»»i:«)KW*a*0. 0 5K±i45i5fc»* 

^ 1 4*s^$ixfc.»fi>'^wStRl 0©Sl5^f4, IT 

5o - ■ - ... --. 

[0025] ^(DJ;5(-, *3Qt»»©«ft>'<-*A'S« 
1 on, Tyjy* v h?-^ \:4tm.ft.£ln1zM&'* 

i o ©Sfc^i: , i Toatis*^*ft^-*/»'a* 

so l 0<E><t&©gB#tcDS:it^M4:0. 0 5%^±5S^1-2> 
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[0 0 2 6] 04 (D) frbWbfrteXo^^ 7 

7-4 I/? y Y-v—t 1 4<D I TOjgJfifi, 3t?»3®£l 8 

-4l/*VY-v — >? 1401 TOMJPtel 1 OnmaTt 
fot)» I^fil 8<D I TOKJ5(±l 3 Onmii^Ll 
8 0nmt'fc5. ;:<OJglffK*5<^-C, SW^il 

8 ©Sft&ffltt: 8 Q/UU&Xh 9 . 1 8 f±{£ 

S*aW I TOJK2 6 ifcS. 
[0 0 2 7] *Hfe^i©77-f y> V ^ 14© 
I TOKft*i?*)l 1 0 nm^Trojglff-efix 0 5 

*bfc**^-*A'*« 1 0©g&#£, I TOJBWS*V*R* 
/<*A4EtiE 1 0 (Dfa<DUfth <DKttmm* 0 . 0 5 %£t 
±T?fc3fc»» *3feKS»tt©T9'f >^ ^ h-^-^ 1 4 

77^^yh-7-?«) I TOJglJPte, iPX»*OH* 

[0 0 2 8] ^Oj;5fc. *SOt»lllO*ft>'<-*A'«« 
1 014, 77-f ^ hT— ? 1401 TOJB!J?Sr 1 1 

1 4 £ fr7i?£ifl i ^*;V'S« 10<75$p^t, ITO 
*««*v*il^/H«l 0O»»ORlt*l6*r0. 0 

5 %j^±5fe^-r 5 r. t » awck 9 b Btius 

[00 2 9] $ f>td»4 L< tt. *SBS»«SOJS»/'<-* 
/vSfil Oli,- 77^f^ VK- ^Sr, JK^* s 6 0n 
mil^Ll 0 0 nmO^irtO I TOltt5. Ztl\Z 

££i 0.1:9 £Dtt***o. oz'/ieiiiKWfcfe, g 
KfcS i ^BBifeBttK: J: SttVJtt^ * fe fcfc^r 7 v 

[0 0 30] B15^1-J:5»-, *HlS^£OS$ 

S^^^SSl 0»4, I TOfffi^ 2 0 Onm^L 

2 6 0nm-efcct{ )l I T Ofrte^Wfr b<D&MQ%. 
HO. 0 5%JW±t^5. LfctfoT.-***®*©* 
WMk\,x\ 77-fy^hv-^ l .4SrdOtefflrtO 

I«BioM47?^^yh-r-^ 1 4tft5. 

*>\ 77^^ ^ i 40JK/P* 5 

[0 0 3 1 ] ^Hlfe^ttoSnSS 18(4, I TOOJ^ 



5 

1 3 0 nmfcl^L 1 8 0 nmX'hZfctbs I TOJK 
/^/^Sl 0 0. 0 3%JWT 

[0 0 3 2] £ felcfr* L< tt, #3£tt#MB©«ft'<* 
/l-gffi 1 0 fi, @B^m® 1 80 I T OJKJ9*S, 1 5 0 n 
m^Ll 7 0nm-Cfo5. dOSf-g-, ^UlS^firoiS 
ft/^/l'KSl ott % 8<0»^t. I TOI 

[003 3] £ fete, *^H*lft0tt£/<-*A'X;|K 1 0 
&K7 0iO77^^yh^-^ 1 4*5, t£WM 
ttl 8 £R-fl^»J*S*vr^ 8 

14»^$^T5fc*, !4fc^7.7'1'V^yh'7 
20 [003 4] *^IIffi077^ >- h-^ — ^ 

5. 

[0 0 3 5] »tift^A'»«l Oil, 77-f^Vhv 
-^14t45I TOH2 2 SraPJm® 1 8<D l TOJBI 

2 6 iisicff*-e»j*^-4 i Tome&x&t. tv-< 

y^ yh-?-^ i 4ifc385#© I TOJR2 afc^s^ 

>-:/LTj§K©}&"1 8©gB#© ITOi26i9»VM 
TOfi2 2 i-*-5*y^>'^xe*r-&^-e*ia**b«. 

[0036]S1 I TOJR»J*XSfc*JV^tt» H2 
30 ©S-S|fcfc»ofc»^lc»jS-*-5Hfa5Bli: UT, BI3 

(A) ~ (E) ('^UfcXHtc: IWot, 77^^ 
V h-v- ^ 1 4 i&5gB#© I TOJK2 2^SK«® 1 
8 I TOI2 6 i#fc»rit*ix*. 

[0 0 3 7] *fls«jfc»4. aWtC, 0 3 (A) Id^-f-J: 

\C I TOK 745r, 130nm<(^L180nmOlI 

[00 3 8] ftt, 03 (B) td^fJ: 5t-, I TOBI 
7 45r*&— l/i?^ n-zPa-^ffcli^ 

40 fya-^Srffll^MtS. 

[00-3 9] *LT, SWtffil8©^-yf«*SJ: 
V77^^Vh-v-^ l 4 0«IC^Lfe-7^^Sr 

±ot, 03 (C) (c^-fj; 5R:,- jgPjm^Il 8 0^ 

_ LfcU-^ hit 7 81fiB^1t^k-tW- 

[0040] fr\,^X\ V^-y Y^y<?is{f%tz.\1t Y'7-< 
xyfy^ia-oT, 03 (D) \Z7Flr£?\z. mWW. 

so fcITOJ^2 2, 2 6 5r®LT. I TOIS5r x 5'f 
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i-s. 

[004 1] ^LT, T'/Vy^ioT, I TOP 
2 2, 2 6±l^oT^5^ h^iitSIitCJ: 

o-Cs 0 3 (E) te3j*LfcWfffiflMfc©.fc5fc; 77^fy 
1 4i/i5 I TOS2 2ir, 391tt& 1 8 
tt£Z> I TOI2 6 id5p)DJ?$T^$HT, I TO 

iw&a:ce:&*ii*T-*-*. 

[0 0 4 2] ^s/^^XgKtJ^-Cte, 13 4. (A) ~ 
(D) LfcXfiK Lfci^T, Ty-OtlsY-?- 
? 1 Abt£Z>Uft<D I TOI2 2©PJ¥£Fr5t©J¥£* 

[004 3] A*Wtett» Si\ Wife© I TOM^I 
gtfc'^T^$WcITO)i2 2, 2 6£r^ipSt£7 
0©-#©£ffi«rW^* M8lt?gt>\ EI 4 (A) 

[0 0 4 4] fcfcl, ggft, *5.fctrafc»©:/n-fc;* 
5rlt, 1214 (B) I^Lfci51:> 77^^^ h"7 

l 4©±I<o^.u^ h^Sr^*-T5„ 
[0 0 4 5] #ci^T% ^x^hi^fy^ifeiiK?^ 

SB»OITOBI2 2 0fflW*l l'Onm£JlTtftS*-e 

(^-7iyf-y^) -rsr t»c±o-c, HI 

4 (C) mWffiHi LT*Lfctt1B8i:1-4. 448, *H 
»lffl77'f v h-^-^o I TOPHlfi, JPX» 

* 3W^»*bfc9 L*lr*«fc SlCi-Sfcft* 5 0nm 
J^LttV^ffiJPS/WJnfr!?. ii^5 0 nmft^ll 1 On 
m©PJ¥i $H5. 

[0 0 4 6] ^Lt> 7y-yy^i:ioT^ KM 
£I&?>I&<£, B9 4 (D) fc«*Wfc»aBI2|i LT^l,- 
fcj; 5 C77'fy^ s V-?—9 1 4*>J:t/SWtSSl 8 
asj&fcSi-ua. iB^wffift^/vSSl 0©* 

yi>v-^i 4&w-r3iRi§^M'S«i o*5^e-f- 
s. 

[0047] *nss^®ro?sA/^^s« i o <r>mmjj 

5ITO!2 6i77'fy^yh'7-^14t45IT 

o«2 2tSrlu^lc:^i-5rt^pjtg-efo5fc«), 3 

[0 0 4 8] WSfco^y^-^^xaiciav^fl, 
SRttS 1 8 ©S3#<fc 9 *<@K*E*g©'h£^T7--l' V 
^ y 1 4 s^i'^L-C, 398® 

mi SVU&bTvJ^/^V-?-? 1 4©«B#i:©W 
£PJ?2t4r£££*TV , >3fc.«>, I TO©MSfc/5 s '>fr<^ 
77-fy^ v h^-^Wtig^^iSwSlMt 

& So 

[0 0 4 9] SS^cD^s/^V^XfUCtJtNT 



8 

tis JBt**J|t$»JS©5fc«*SHJlftiy^V^r4. 77 

/fy^yh?-^ 14t45I TOP 2 2K*fLT©^ 
tT*»ix. 393tSl 8 I TOl2 %Yt=-y?->? 

zhtt^izib. mmmmi 8©*£fj«©$wfctej:3* 

^p°p«©{ST^ig < r. t ^a^K*/***** i o ©K 

[0 0 5 0] J=fc, 39§®3i 1 8 tt, 1 3 0 nm 

4^L1 8 0 nm© I TOSt LTff2j5Sc$*K 393'©Bi 
©JHH© I TOP^/&$;h,T^&^S&^#i:©K#t 

r i f4» if 4 v ^«ft/ , «*/V'*S©i!t3t*at £ * 5 o 
fc. »W«*©iE»tttttt+#fc/h£fc«i:fc*. 

[00 5 1] ^Lt. 77'1'y^yK-^ 14t45 
I TOP 2 214, xyfy^IgCfe^Tiyfy^c! 
^T, 1 1 0 nmUT (OmmtteZtctb. HI 5 Sr^fC 
MxELfcJ:5K, I TOg«^tlt^^t^«^ 
t4t)t.77'fy^ V h-v-^ 1 4©jai23£©+#&R 

[0 0 5 2] ±1® J: 5 C LT77-f y^ y 1 

4*>£xfmwmm 1 8 «r£*,T#j££ftfc«*'<.*/i'S 

ISlBtflB©«**^<.*A'4 0 (4, TIE© J: 3 LT« 

5t$H5 0 r©«i5t»4, mm. *SSA, ^LT 

J: t^tt«ft5tt©&xa&-a /^fT^^o 
[0 0 5 3] fflWXS-Ctt. — WcKft/^/uX* 1 
0, 1 0©*KSib-CBSS$tv5«-E^ia(filP4 2SrRlM 
+5. tLT. »K»ir5ElRlBl4 2IB©e(t*r-Jfefc«- 
so ofcft©*-:— f- 4 4 Srtf-ffijwSici&^/i'SR 1 0 ±l£ 
^«**TE«U *J«-J"5. -tbT, Blfiiat4 2 8:* 

[0 0 5 4] ififirxet?tt, £1\ -ftftiJ©^^^^ 
Si 0©JlHICv—/W|t4 6 SrfnJBiJ-f-^o iUT, 2*fc 
©Sfifi/^^SS 1 0 5:77^ 's* > Y^—V 1 4 SrfiJ 
ffl L-Ctelt-frib* UTJ£ 5 i/-/w»4 6 *rJR«' 

[0 0 5 5] JfeXSTfe5JSS4 8 ©SEAXfS-Cfi:, }^ 
40 ft/^IfilO, 1 0Bfl©S©SW*rSEAP (EI^Ht- 

-f) rt©K*i»&«Lfcifl[«fc|lfr, -t©««rt*rJta 

[0056] ?fc©, flTfcKww-ia-ei*. 

SlO, 1 0©^ffifc«Jt4E5 0 4rliW-t*. -tU-C. - 
so 7tS5 0©^B5tSlttS5 2 
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(6) 



[0 0 5 7] ±MV> X ofr& imSrST, *Hlfe^flg<0 
[0 0 5 8] #M1t : BWi<DmM,9tfr'<*A'4 0 OfUt* 
1 0 «A*a*/<JM' 4 0 £r#3 i t 5. 

mi 0<D^tfp]-f5^/^/vStsi oott^ft&KiKr? 

»*J:<8SBHM*TAB£**rS6Blrt-.5:: 
i#^IBfcttft**/'«*/i'4 0 fc 4 ft. 
[0 0 5 9] £ll±,'#»W©3^#1K*MK9iLrt:#, * 
»WttltraUfc3at»l!fiKI»3t**t5 , bO-Ctt4<, * 

[0060] ±MnmrMx-\~s., i tow»?> 

[0 0 6 1.] Sfc, ±E5at»M-eHu »9!m**sJ:tf 
Sraw«KtJ|)5cofcR»fc»j*i-arifcJ:o"C. 3 



70 

[0 0 6 2] £fcK: % ±|E^^ffi-Cf4. 
/Vt.UT, STNi©*^ hi) y ? *mWlWiS>&7F'< 

TF/^l^fc o "C t> <fc V \, 

[gill] *»tt©*3eifc»lBO«*'''<*-rt'»Ri:4*^ 

[0 2 ] -El l id*5^TR E -dasKfcgU#<Dii£*¥ffiEI 
X3bZ 0 

[0 3] (A) ~ (E) 14, H2 0S-Si|RKjBofc« 
[04] (A) ~ (D) (4, EI2©S-S|ftfciGofc«B 

IH5 1 3tt»»©tt*'<*/W6«fco^-C, I TOM 

Sr. I TOJK<E>JRff©IH£Sc£ UT^-f ^77^5, 
[0 6 ] ^lilroffiftS^^/wISi^^eriat 

1 o JRfi/^/i'SIR 

14 77^y^h-7-^ 

1 8 . mwm® 

2 2,2 6 I TOl 

4 o SJMIS^^/i' 



[02] 



16 IS 



JO 



18 
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